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(54) Dual band Digital Audio Broadcast (DAB) receiver 



(57) A dual band digital audio broadcast receiver 
(12) comprises means for receiving a first digital audio 
broadcast (DAB) signal in a first frequency band, means 
for receiving a second digital audio broadcast signal in 
a second frequency band, means for converting the first 
DAB signal to the second frequency band, and means 



for providing an output by combining the second digital 
audio broadcast signal with the converted first DAB sig- 
nal or by selecting the best signal from the converted 
first signal and the second signal. Apparatus for convert- 
ing a single band digital audio broadcast receiver to a 
dual band digital audio broadcast receiver is also dis- 
closed. 



CM 
< 

oo 
m 

CD 
CO 



Cl 

LU 



Fig.i 



DAB MULTI-BAND 

ISO- FREQUENCY OPERATION 



/ 



F-nxf r ef 



DOWN 
CONVERTER 



F-nxfref 



DAB ENSEMBLE 
* REFERENCE FREQ.(f rc f) 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 139 589 A2 



2 



Description 

[0001] This invention relates to digital audio broad- 
cast systems and in particular to systems which operate 
by transmitting signals from a network of transmitters. 
[0002] A digital audio broadcasting system is current- 
ly being developed by a consortium of European man- 
ufacturers called Eureka 147. This has proposed a cod- 
ed orthoganal frequency division multiplexed (COFDM) 
digital audio broadcast (DAB) modulation scheme. 
COFDM is a wide band modulation scheme which is 
specifically designed to cope with problems of multipath 
reception. The basic idea of COFDM is to take the digital 
signal (data) to be transmitted and divide it between a 
large number of adjacent carriers and divide it between 
time intervals so that only a small amount of data from 
a sample is carried at anyone time. Error correction rou- 
tines are used to correct for any errors in received sig- 
nals. The carriers are arranged such that adjacent ones 
are mathematically orthoganal. This enables their side 
bands to overlap so that signals can be received without 
adjacent carrier interference and consequently a small- 
er bandwidth is necessary to transmit a plurality of car- 
riers. 

[0003] The signal is transmitted in bursts of data. 
Each burst is formed by distribution bits of the signal 
over the carriers (usually by quadrature phase shift key- 
ing) and then taking the Fast Fourier Transfer of the car- 
riers. The resultant spectrum is then modulated by a fur- 
ther carrier thus forming abroad band signal,.(P.AB EN- 
SEMBLE) for transmission. At a receiver the reverse 
process takes placeV' 

[0004] In conventional AM/FM broadcasting a net- 
work of transmitters is provided. This is known as a di- 
versity transmission system. Adjacent transmitters 
broadcast the same radio station on frequencies which 
have a sufficiently large gap between them for there to 
be no distortion in intermediate or "mush areas" be- 
tween the transmitters. This is because there is no syn- 
chronisation of the transmission signals and therefore 
reception in such areas would be severely distorted if 
both transmitters were using the same frequency but 
were out of phase. 

[0005] In a COFDM DAB modulation scheme each 
signal occupies a larger portion of the spectrum than a 
conventional AM/FM signal because of its division onto 
a plurality of carriers comprising a "DAB ensemble". Be- 
cause of this, even if signals on adjacent transmitters 
are spaced by the same amount as they would be in an 
AM/FM distribution network, there will still be interfer- 
ence in the intermediate or mush areas. 
[0006] It has been appreciated that this problem can 
be overcome by synchronising the transmitters and ar- 
ranging for them each to transmit identical program 
modulation each to use the same frequency. Using such 
an arrangement the signals from each transmitter will 
add constructively at a receiver thereby enhancing rath- 
er than degrading reception. For such operation to be 



successful it is essential that all the transmitters radiate 
substantially identical carrier frequencies and that these 
carriers carry identical modulation (the DAB ensemble). 
[0007] The present invention is defined in the append- 
5 ed claims to which reference should now be made. 
[0008] The invention will now be described in detail 
by way of example with reference to the accompanying 
drawings in which: 

10 Figure 1 shows a transmission and reception sys- 
tem embodying the present invention; 

Figure 2 shows a source transmitter for transmitting 
a signal to a satellite in an embodiment of the in- 
15 vention; 

Figure 3 illustrates circuitry for use in a terrestrial 
transmitter embodying the invention; and 

20 Figure 4 shows an embodiment of the invention for 
use in a block of flats to improve reception. 

[0009] It is proposed in a system embodying the in- 
vention that transmitters in a distribution network for 

25 DAB can be synchronised by distributing a pilot "master" 
frequency. This would preferably be transmitted via a 
satellite to ail of the terrestrial transmitters along with a 
DAB ensemble comprising one or more program sig- 
nals. A COFDM ensemble is generated at low IF fre- 

30 quency such as 1.5 MHz. The lowest frequency side- 
band would therefore be approximately 700 Khz clear 
of DC. This 700Khz band is known as a guard band. It 
is proposed that the master pilot frequency should be 
included in this guard band. 

35 [001 0] Figure 1 shows a transmitter 2 receiving a pro- 
gram signal produced by a broadcaster. It then transmits 
this as a DAB ensemble along with a reference frequen- 
cy f ref to a satellite 4. There are a plurality of terrestrial 
transmitters 6 which all receive a signal transmitted by 

40 the satellite 4. This signal again comprises the DAB en- 
semble and the reference frequency f ref . The transmitter 
r 6 locks onto f ref and uses this to select a frequency F at 
which to make a terrestrial transmission of the DAB en- 
semble. F is equal to n x f ref . A down converter 8 and 

45 power amplifier are provided at the terrestrial transmitter 
for making the necessary conversion and transmission. 
Thus all terrestrial transmitters are sychronised to the 
master reference frequency f ref . There is no re- broad- 
cast of the master frequency from the terrestrial trans- 

50 . mitters. 

[0011] Receivers such as the car receiver 1 2 in figure 
1 receive the signal transmitted by the terrestrial trans- 
mitters 6, all of which are identical. Therefore when the 
car receiver is in a location between two transmitters 
55 and is receiving signals from both transmitters. These 
identical signals add constructively and enhance recep- 
tion of the signal. 

[0012] A possible implementation of the source trans- 
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mitter 2 of figure 1 is shown in figure 2. This comprises 
a COFDM modulator 16 which is phase locked by a pilot 
master oscillator (f p1 ). 18 via a COFDM master 20 pro- 
ducing a frequency f LO CK- ° ne or more radio signals is 
modulated into a DAB ensemble by the COFDM modu- 
lator 16. The ensemble and the signal from the pilot 
master oscillator are then added together in adder 22, 
the pilot signal being included in the guard band. The 
combined signals are then passed through a pre-em- 
phasis filter 24 before being FM modulated in modulator 
26. A further adder 28 can be used to add a further 
COFDM ensemble prior to transmission. 
[001 3] The signal then passes through an up convert- 
er 30 before being passed to a transmitter dish 32. The 
optional second signal is produced in COFDM modula- 
tor 34 and can either pass via a frequency shifter 36, 
controlled by an offset oscillator 38, to adder 22 where 
it is combined with the first ensemble, or it can pass via 
a pre-emphasis filter 40 and a second FM modulator 42 
before being combined with the output of the first mod- 
ulator 26 in adder 28. 

[0014] . The distribution of the reference frequency and 
the two ensembles after passing through adder 22 is 
shown at 44. The possible frequency distributions after 
passing through adder 28 comprise two ensembles mul- 
tiplexed onto one FM carrier as shown at 46 for the sit- 
uation where the ensembles are combined in adder 22, 
or a separate FM carrier for each ensemble as shown 
at 48 for the situation where the ensembles are com- 
bined in adder 28. 

[0015] The arrangement of the terrestrial transmitters 
6 of figure 1 is shown in figure 3 and this shows a dish 
50 receiving a signal from the satellite 4. The signal re- 
ceived passes through a dielectric resonator 52 and a 
down converter 54 before passing through a diplex filter 
56, an FM discrimator circuit 58 and a de-emphasis filter 
60. After this a signal such as the one shown at 44 in 
figure 2 is produced. This is passed to a diplex filter 62 
which separates the DAB ensemble and the reference 
frequency f p1 . The DAB ensemble goes to an up con- 
verter 64 and then to an amplifier 66 ready for terrestrial 
band Ml transmission. 

[001 6] The reference signal f p1 passes to a master pi- 
lot synthesiser which controls a reference oscillator 70 
to produce a reference frequency signal to control the 
transmission frequency of an up converter 64. This hap- 
pens at every terrestrial transmitter and thus each trans- 
mitter transmits a band III terrestrial signal having sub- 
stantially the same phase and frequency. 
[0017] An alternative arrangement is shown for the 
situation where a separate FM carrier is. used for one of 
the DAB ensembles. In this the reference pilot fp2 is ex- 
tracted in the diplex filter 56 and passes to a phase 
locked loop 72 which provides a control signal for syn- 
thesiser 74. This includes an oscillator providing a ref- 
erence frequency to the down converter 54. 
[0018] It is also proposed that, particularly for terres- 
trial transmission in the urban environment, both satellite 



and terrestrial transmitters should feed programs to re- 
ceivers i.e. receivers should be dual-band. A receiver, 
such as a car radio receiver, would have two inputs. One 
of these would receive satellite band transmissions and 
5 the other the band III terrestrial signal. The receiver 
could include circuitry to select the best signal, in rather 
the same manner as an RDS (radio data system) receiv- 
er does today. 

[0019] A down converter could be used in a receiver 

10 satellite aerial to generate a band III signal at the same 
frequency as that of the terrestrial network. Thus the sig- 
nal from the down converted satellite signal can be add- 
ed to that of the terrestrial signal to form a single fre- 
quency signal of the type for which DAB was designed. 

15 [0020] The composite signal (satellite and terrestrial) 
may be applied to the signal aerial input of a DAB re- 
ceiver thereby removing the need for any additional 
COFDM decoders or diversity circuitry. Receivers will 
thus be able to exploit the resultant signal as they move 

20 around without any degredation in performance. 

[0021] The down converter and adder to combine the 
satellite and terrestrial signals can be provided as a bolt- 
on unit to modify a terrestrial DAB receiver to a dual- 
band DAB receiver. 

25 [0022] In such a system the terrestrial band III relay 
transmitter (6 in figure 1) performs exactly the same 
function as the down converter provided in the receiver's 
antenna, except that the output power is much greater 
and is radiated from a fixed site for reception by remote 

30 receivers. 

[0023] In order to enable down coverters (fixed or mo- 
. bile) to generate band 111 signals at the correct frequency 
a pilot or reference signal is added to the DAB ensemble 
carried by the satellite. This signal locks oscillators of all 

35 down converters to the same frequency, thereby provid- 
ing the required single frequency operation. Should the 
broadcaster wish to change the band ill frequency used 
it will simply be necessary to alter the pilot or reference 
frequency signal transmitted. 

40 [0024] The reference signal can be transmitted in 
many different ways. Here it has been described as a 
frequency signal transmitted in the guard band i.e. out- 
side the DAB ensemble. There is a zero frequency car- 
rier in the centre of the ensemble which could also be 

45 used to carry the reference signal or it could be trans- 
mitted in the synchronising interval between the DAB 
bursts. 

[0025] The reference signal could also be transmitted 
as digital data which could then use some universal ref- 
50 erence frequency available at the receiver to produce 
the desired frequency conversion for the DAB ensem- 
ble. This could be some inherent property of the DAB 
signal such as the synchronising frequency, of the bursts, 
of data. 

55 [0026] Figure 4 shows how a down converter could 
be used for receiving a satellite signal in locations where 
terrestrial reception is poor such as a block of flats. An 
antenna 80 receives the satellite signal and a down con- 



3 



5 EP1139 

verter82 changes this to a band lit signal. The band III 
signal is then distributed throughout the block of flats 
with a feeder 84. 

[0027] The invention may also be defined by the fol- 
lowing numbered clauses. 5 

1 . A digital broadcast transmission system compris- 
ing a plurality of spaced transmitters each compris- 
ing means for receiving signals for transmission and 

for receiving a reference signal, and means for gen- 10 
erating a transmission frequency for a signal to be 
transmitted in dependence on the reference signal. 

2. A digital broadcast transmission system accord- 
ing to clause 1 in which each transmitter generates *5 
substantially the same transmission frequency. 

3. A digital broadcast transmission system accord- 
ing to clause 1 in which the transmission frequency 
generated by each transmitter has substantially the 20 
same phase as that generated by each other trans- 
mitter. 
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11. A digital audio broadcast receiver according to 
clauses 7, 8, 9 or 10 including filter means for sep- 
arating first digital broadcast signal from the refer- 
ence signal. 

12. A dual band digital broadcast receiver compris- 
ing means for receiving a first digital broadcast sig- 
nal in a first frequency band, means for receiving a 
second digital broadcast signal in a second fre- 
quency band, and means for converting the first 
DAB signal to the second frequency band. 

1 3. A dual band digital audio broadcast receiver ac- 
cording to clause 1 2 including means for combining 
the second digital broadcast signal with the convert- 
ed first DAB signal. 

14. A dual band digital audio broadcast receiver ac- 
cording to clause 12 or 13 in which the first digital 
broadcast signal has reference information associ- 
ated therewith to control the conversion of the first 
digital broadcast signal. 



4. A digital broadcast transmission system accord- 
ing to clauses 1 , 2 or 3 in which each transmitter 25 
receives the signal for transmission and the refer- 
ence signal from the same source. 

5. A digital broadcast transmission system accord- 

... ing to clause 4. in which the source is a satellite . 30 
transmitter. 

6. A digital broadcast transmission system accord- 
ing to any preceding clause in which each transmit- 
ter generates a transmission frequency which is 35 
locked to the reference signal. 

7. A digital broadcast receiver comprising means for 
receiving a digital broadcast signal in a first frequen- 
cy band and for receiving a reference signal, and 40 
means for frequency converting the digital broad- 
cast signal to a second frequency band in depend- 
ence on the received reference signal. 

8. A digital broadcast receiver according to clause 45 
7 further including means for receiving a substan- 
tially similar second digital broadcast signal in the 
second frequency band. 

9. A digital audio broadcast receiver according to so 
clauses 7 or 8 in which both digital broadcast sig- 
nals are generated from the same source. 

10. A digital audio broadcast receiver according to 
clauses 7 or 8 in which the frequency of the frequen- 55 
cy converted digital broadcast signal is substantially 
the same as the frequency of the second DAB sig- 
nal. 



15. Apparatus for converting a single band digital 
broadcast receiver to a dual band digital broadcast 
receiver comprising means for receiving a first dig- 
ital broadcast signal in a first frequency band, 
means for receiving a second digital broadcast sig- 
nal in a second frequency band, means for convert- 
ing the first digital broadcast signal to the second 
frequency band, and means for combining the sec- 
ond digital broadcast signal with the converted first 
digital broadcast signal. 

1 6. A digital audio broadcast digital broadcast trans- 
mitter comprising means for receiving a digital 
broadcast signal, means for receiving a reference 
signal and means for transmitting the DAB signal 
and the reference signal. 

17. A digital audio broadcast transmitter comprising 
means for receiving a digital broadcast signal and 
a reference signal and means for generating a 
transmission frequency for the digital broadcast sig- 
nal in dependence on the reference signal. 

18. A digital audio broadcast transmitter according 
to clause 17 in which the transmission frequency is 
locked to the reference frequency. 

Claims 



1. A dual band digital audio broadcast receiver (12) 
comprising means for receiving a first digital audio 
broadcast (DAB) signal in a first frequency band, 
means for receiving a second digital audio broad- 
cast signal in a second frequency band, means for 
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converting the first DAB-signal to the second fre- 
quency band, and means for providing an output by 
combining the second digital audio broadcast signal 
with the converted first DAB signal or by selecting 
the best signal from the converted first signal and 5 
the second signal. 

2. A receiver (12) according to Claim 1, wherein the 
means for receiving the first digital audio broadcast 
(DAB) signal in the first frequency band comprises 10 
means for receiving a satellite band transmission. 

3. A receiver (12) according to Claim 1 or Claim 2, 
wherein the means for receiving the second digital 
audio broadcast signal in the second frequency 15 
band comprises means for receiving a band lil ter- 
restrial signal. 

4. A receiver (12) according to any of Claims 1 to 3, 
wherein the converting means comprises a down 20 
convertor. 

5. Apparatus for converting a single band digital audio 
broadcast receiver to a dual band digital audio 
broadcast receiver (12) comprising means for re- 25 
ceiving a first digital broadcast audio signal in a first 
frequency band, means for receiving a second dig- 
ital audio broadcast signal in a second frequency 
band, means for converting the first digital audio 
broadcast signal to the second frequency band, and 30 
means for providing an output by combining the 
second digital audio broadcast signal with the con- 
verted first DAB signal or by selecting the best sig- 
nal from the converted first signal and the second 
signal. 35 

6. Apparatus according to Claim 5, wherein the means 
for receiving the first digital audio broadcast (DAB) 
signal in the first frequency band comprises means 
for receiving a satellite band transmission. 

7. Apparatus according to Claim 5 or Claim 6, wherein 
the means for receiving the second digital audio 
broadcast signal in the second frequency band 
comprises means for receiving a band III terrestrial 45 
signal. 

8. Apparatus according to any of Claims 5 to 7, where- 
in the converting means comprises a down conver- 
tor. 50 

9. A dual band digital broadcast receiver comprising 
means for receiving a first digital broadcast signal 
in a first frequency band, means for receiving a sec- 
ond digital broadcast signal in a second frequency 55 
band, and means for converting the first DAB signal 

to the second frequency band. 
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10. Apparaius for converting a single band digital 
broadcast receiver to a dual band digital broadcast 
receiver comprising means for receiving a first dig- 
ital broadcast signal in a first frequency band, 
means for receiving a second digital broadcast sig- 
nal in a second frequency band, means for convert- 
ing the first digital broadcast signal to the second 
frequency band, and means for combining the sec- 
ond digital broadcast signal with the converted first 
digital broadcast signal. 
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